The aim of present study was to enhance topical permeation of clotrimazole gel preparation by using various permeability enhancers such as coconut oil, pistachio oil and sodium lauryl sulphate (SLS). Clotrimazole gel preparations were prepared and optimized by using three factor, five level central composite design. A second-order polynomial equation was generated in order to estimate the effect of independent variables i.e. coconut oil (X 1 ), pistachio oil (X 2 ) and sodium lauryl sulphate (X 3 ) at various dependent variables i.e. flux (Y 1 ), lag time (Y 2 ), diffusion coefficient (Y 3 ), permeability coefficient (Y 4 ), and input rate (Y 5 ) of clotrimazole gel formulations. Ex vivo skin permeation study was performed through rat skin by using modified Franz diffusion cell system. Optimized formulation F8 exhibited highest flux 2.17 µg/cm 2 /min, permeability coefficient 0.0019 cm/min and input rate 1.543 µg/cm 2 /min, along with moderate lag time 77.27 min and diffusion coefficient 0.063 cm 2 /min, which is further supported by anti-fungal activity that exhibited more prominent zone of inhibition against Candida albicans, Aspergillus niger and Mucor. Thus, it can be concluded that permeation of clotrimazole gel was enhanced by various combination of coconut oil, pistachio oil and sodium lauryl sulphate but optimized formulation F8 containing 0.4 ml pistachio oil, 0.8 ml coconut oil and 0.04 g of SLS exhibited more pronounced and promising effect through rat skin.
INTRODUCTION
Topical drug delivery system (TDDS) is a type of dosage form which distribute an adequate amount of drug across the skin (Allen et al. 2004) . TDDS gives a greater chance of success of drug delivery over traditional methods like use of injectable and oral formulations. It augments the patient acceptability bypassing first pass metabolism. The load that is commonly placed by oral route on the digestive tract and liver can be minimized by using TDDS. It also decreases the untoward effects of a drug arised due to overdose of medicament (Aggarwal and Dhawan 2009). Moreover, TDDS offers sustained delivery of the drug by providing constant and steady administration of drug with short biological half-life. By eliminating pulsed entry of the drug into systemic circulation it may also decrease the adverse effects. It is not possible to use topical route DEVELOPMENT OF CLOTRIMAZOLE GEL 2305 (Corcoran et al. 2014 ) along with broad-spectrum activity. Clotrimazole has a molecular formula of C 22 H 17 N 2 Cl with a molecular weight of 344.8. The melting point of clotrimazole is between 141-145°C (Florey 1992). Clotrimazole has very low vapour pressure i.e. 3.31.10 -07 Pa (Iannelli et al. 2011) . The water solubility of clotrimazole is 3-8 mg/L at 23°C (Buchanan 2007) .
Clotrimazole is rapidly metabolized in liver and excreted after 48 hour of (Sawyer 1974) . Fungicidal action is achieved by the blockage of fungal sterol 14α-demethylase, a microsomal cytochrome P450-dependent enzyme (Tian et al. 2006) as a result of which structural and functional deterioration occurs in the cytoplasmic membrane. Therefore the basic mechanism for fungicidal effect of clotrimazole is wrecking of the cell membrane, which ultimately leads to the efflux of intracellular phosphorus entities. This efflux leads to disintegration of cellular nucleic acids along with the discharge of potassium. Whenever the fungal strains are exposed to the drug, they are immediately killed by the fast and extensive onset of fungicidal action. The inhibition of fungal growth by clotrimazole is a time-dependent and concentrationdependent phenomenon. However, not only the fungal cytochrome P-450 is suppressed, the interference with mammalian cytochrome P-450 has also been reported (Köfeler et al. 2000) .
So, the aim of present study was to prepare an optimize carbopol based clotrimazole gel for topical application along with the study of various permeability enhancers like coconut oil, pistachio oil and sodium lauryl sulphate on the permeation of drug through rat skin layer.
MATERIALS AND METHODS

MATERIALS
Clotrimazole pure drug was purchased from Bayer Pharmacuticals (Karachi, Pakistan). Carbopol 934 was a generous gift from Saffron Pharma (Faisalabad, Pakistan). Pistachio oil and coconut oil were gifted from Mushtaq Herbal Pharma (Multan, Pakistan). Sodium lauryl sulphate and ethanol was purchased from (Sigma-Aldrich, USA). Disodium hydrogen phosphate (Na 2 HPO 4 ·12H 2 O) and sodium dihydrogen phosphate were purchased from (Fluka, Germany) while sodium hydroxide was purchased from Shama Laboratory Chemical Works (Lahore, Pakistan). All the chemicals including penetration enhancers were of analytical grade and double distilled water was used throughout the study.
METHODS
Solubility Study
Solubility of clotrimazole was determined in different solvents e.g. distilled water, ethanol, methanol, chloroform and diethyl ether. Excess quantity of clotrimazole was dissolved with each of above solvent in thermostat (37 ± 2˚C) for 48 hours. Samples were taken from each solvent system, filtered, and the concentration of clotrimazole in each solution was determined after dilution by using UV spectrophotometry (UV-VIS Spectrophotometer O.R.I 3000, Germany) at 254 nm using ethanolic buffer (pH 7.4) as blank.
Formulation Design
For the optimization of clotrimazole gel, a computerized optimization technique, named as central composite design was employed, that involved three independent factors i.e. coconut oil, pistachio oil and sodium lauryl sulphate as permeability enhancers (Table I) .
According to central composite design (CCD), the optimization technique involves four basic and important stages. First is the performance of experiments that are designed statistically for the experimental plan. Then is to explain the experimental data, generation of mathematical models and to emphasize on the data of ANOVA. Next is to evaluate the efficiency of the model that controlled directly with diagnostic plots. Finally the prediction of responses along with verification of model is accomplished (Box and Draper 1987) .
In this study, Response Surface methodology (RSM) in combination with the factorial experimental design of CCD was employed as shown in equation 1 to optimize the process. RSM is an efficient method to illustrate the effect of various parameters that affect the responses. By altering the parameters simultaneously and carrying out a limited number of experiments, the effect of variables upon response can de elaborated. The experimental results were analyzed using design expert version 8.0.4, and the regression model was proposed. Coconut oil, pistachio oil and sodium lauryl sulphate were selected as independent parameters. Moreover, Y is the estimated response and X 1 , X 2 and X 3 are coded variables for coconut oil, pistachio oil and sodium lauryl sulphate respectivelly. Accordingly, 20 experiments that covers the full design of factors were performed as shown in Table II .
On the basis of RSM results, polynomial regression modelling on the responses of corresponding coded values of process variables was performed. The co-efficient of determination (R 2 and adj-R 2 ) were used to express the quality of polynomial model.
Preparation of Gels
Hydroalcoholic gels have earned great popularity owing to their ability to provide effective dispersion performance. This study involved the use of direct method for preparing hydroalcoholic gels. For the preparation of gels, polymer (Carbopol 934) was dispersed gently into known quantity of water with constant stirring by using magnetic stirrer (Clifton-Germany), so that there was no lump in the dispersion. Then the alcoholic solution of clotrimazole was added to the mixture with constant stirring, , so homogeneous dispersion was obtained. To it, the known quantities of permeability enhancers were added (Tables I and II) . In order to adjust the pH of gel formulation, triethnolamine was used (Chaudhary et al. 2013) . 
CHARACTERIZATION OF CLOTRIMAZOLE GEL
Homogeneity
All developed clotrimazole gel formulations were characterized for homogeneity assessment. This was done by visual inspection of gel after the settlement of gel in suitable containers. Gels were analyzed for their appearance and existence of any clog (Nawaz et al. 2013) .
pH evaluation
The pH of the gel was recorded using digital pH meter (Beckman, Germany). It was done by bringing the gel in direct contact with pH meter. After this, pH meter was allowed to equilibrate, then pH is recorded.
All the experiments were performed triplicate (Chaudhary et al. 2013) .
Skin irritation test
This test was performed on human volunteers. Twenty volunteers were chosen for single formulation and study was performed after taking their informed consent. It was performed by applying gel on an area of 2 square inch to the back of hand. Then the examination for the presence of lesion or irritation was done (Shivhare et al. 2009, Rajinikanth and Mishra 2008) . 
Viscosity
Brookfield viscometer (model DV-1+, USA) was used to measure the viscosity of clotrimazole gel. For this purpose, spindle No 04 was used. Viscosity was recorded by rotating spindle at 10 rpm.
Spreadability
To measure the spreadability of the gels wooden block and glass slide apparatus was used. Approximately, 2 g of developed clotrimazole gel was placed in the pan. The time taken by upper slide to separate completely from the fixed slides was noted (Hussain et al. 2012 ). The gel spreadability was evaluated through following equation:
Where S = spreadability, M = weight tied to upper slide, L = length of glass slide and T = time taken by the slide to separate from.
Drug content
A measured amount of formulated gel was taken and dissolved in 100 ml of ethanolic phosphate buffer of pH 7.4. Similarly, solution of marketed clotrimazole cream was also prepared. Mechanical shaker was used to shake the gel solution continuously for 2 hours. The solution thus prepared was filtered and analyzed spectrophotometrically (Spectronic, Genesys 5) at 254 nm using ethanolic buffer (pH 7.4) as blank (Sera and Ramana 2006).
EX VIVO SKIN PERMEATION STUDIES
Preparation of Standard Curve
A standard calibration curve was used to calculate the concentration of the dug penetrated through rat skin. To construct the calibration curve, stock solution was prepared by dissolving 10 mg of clotrimazole in 100 ml of ethanolic phosphate buffer pH 7.4. The mixture was placed in a sonicator to ensure solubilization of the drug. Then the dilutions of 10 µg/ml, 20 µg/ml, 40 µg/ml, 60 µg/ml, 80 µg/ml, and 100 µg/ml were made and analyzed spectrophotometrically by using UV spectrophotometer (Beckman, Germany) (Nawaz et al. 2013) .
Preparation of Rat Skin
The Sprague-dawle rats were received from animal facility of COMSATS Institute of Information and Technology Abbottabad (Ref. no. PHM-0033-FC/M-4). This animal study was conducted in accordance with international guidelines for animal use in lab experiments after getting approval from departmental ethical committee. The rats were 5-8 weeks of age and with average weight of 150 g -200 g. The rats were provided with food and water ad libitum. The rats were sacrificed by cervical dislocation. Skin was excised from the rat and hairs were removed by means of hair clipper (Chaudhary et al. 2013) .
Permeation Studies
Modified Franz diffusion cell system was used to carry out the ex vivo permeation studies. Appropriate sized trimmed rat skin was mounted on Franz cell diffusion system in such a way that the stratum corneum faces the donor compartment while dermis faces the receiver cell. In receptor compartment of Franz cell ethanolic phosphate buffer [i.e. ethanol: phosphate buffer pH 7.4 (40:60)] was filled while in donor compartment, 2 g of gel was loaded. This assembly was placed in a water bath, which was placed on magnetic stirrer. Magnetic beads were placed inside the receiver compartment to ensure the constant stirring. Drug permeability studies were conducted for 6 h. The temperature was maintained at 37 ± 0.05˚C. The samples were withdrawn from the receptor cell at regular time intervals of time and were analyzed spectrophotometically (Beckman, Germany) (Pankaj et al. 2013 ).
Antifungal Activity
Antifungal activity was evaluated by using agar well method against Candida albicans, Aspergillus Niger and Mucor. Microbial inoculums of tested organisms (0.5% v/v) were spread over the nutrient-agar media in the separate petri dishes for each fungal strain. After solidifying the agar plate, well of 10 mm in diameter were made. The gel formulations were added to the wells by means of sterile syringe. Then the zone of inhibition of each well was visualized after the incubation period of 24 hrs. The radius of zone of inhibition was calculated and compared to the zone of inhibition of control formulation (Akhtar et al. 2012 ).
Stability studies
The stability studies for optimized formulation were conducted in the accelerated conditions as per guidelines of International Conference on Harmonization (ICH). Well closed container was used for the storage of optimized gel formulation. The gel formulations were stored at 40˚C and 75% relative humidity for 90 days. Samples were drawn at aforethought time interval of 30 days, 60 days and 90 days. The gel formulation was evaluated for their physical properties including appearance, color, and presence of clogs, consistency and phase separation. Gel was also evaluated for chemical parameters like change in pH and drug content (Chaudhary et al. 2013 ).
PERMEATION KINETIC ANALYSIS
Fick's law of diffusion was used in order to know the permeation rate of drug by believing that diffusion is involved in drug permeation through rat skin.
As we know that flux is proportional to concentration gradient so,
Where J denotes permeation rate of drug through membrane, dc/dx is concentration gradient while D is the diffusion coefficient of permeant. Lag time was calculated from X intercept of the slope at steady state concentration while Steady state flux was calculated from given equation.
Where K p is permeability coefficient and C o is drug concentration remains constant in vehicle.
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And the permeability coefficient that is derived from the steady state flux is
Formulation responses like flux, lag time, diffusion coefficient, permeability coefficient and input rate were treated by design expert software version 8. The best fit model was selected based adjusted multiple correlation coefficients (adjusted R 2 ). One-way ANOVA with p < 0.05 was performed to know the significance of the model.
RESULTS AND DISCUSSION
PHYSICAL CHARACTERIZATION OF GEL FORMULATIONS
All clotrimazole gel preparations were evaluated for their physical characterization like pH, homogeneity, spreadability, viscosity, drug content, toxicity and anti-fungal activity as shown in Table III . The drug contents of the formulation was in the range of 0.99 -0.91 mg/g of gel which indicates content uniformity. The pH of all developed formulations were in range of 5.0 ± 0.1 to 5.9 ± 0.2, which fall in normal pH range of the skin, while viscosity of all gel formulations were in between 16696 ± 2.0 to 69870 ± 2.0 cp. All tested formulations was safe and did not develop any skin irritation, lesion or inflammation along with spreadability values ranges ranges 5.2 ± 0.2 to 6.7 ± 0.1 (g.cm/s). 
SOLUBILITY STUDIES
Clotrimazole was slightly soluble in aqueous medium as compared to organic solvents. Clotrimazole showed highest solubility 89 mg/ml in ethanol as compared to other organic solvents a shown in Table IV .
ANTIFUNGAL ACTIVITY
Antifungal activity of clotrimazole gel indicated that Clotrimazole gel was not only effective against Candida albicans but also produced fungicidal effect against Aspergillus Niger and Mucor. Optimized formulation 8 produced prominent zone of inhibition against all the three strains as shown in Figure 1 . Stability studies of developed formulation were performed according to International Conference on Harmonization (ICH) guidelines and stability data of optimized formulation F8 is shown in Table V . It indicates that optimized formulation exhibit good stability behavior regarding pH 5.7, appearance (no clog present), homogenity (+++) and percentage drug content (0.97 mg/g).
EX VIVO SKIN PERMEATION STUDIES AND OPTIMIZATION OF GELS
Ex vivo skin permeation studies of developed formulations were performed through rat skin by using modified Franz diffusion cell system. It is cleared from Three dimensional plots were constructed for all responses as shown in Fig. 2 and were analyzed through polynomial equation. A positive sign indicates additive effect which favors the response optimization, while negative sign indicates decreasing relationship between factors and responses. 
In Eq. 7, Y 1 denotes flux while X 1 is concentration of propylene glycol, X 2 is concentration of tween 80 and X 3 is concentration of sodium lauryl sulphate. As per Eq. 7, coconut oil along with pistachio oil have non-significant decreasing effect on flux of clotrimazole while sodium lauryl sulphate along with coconut oil and pistachio oil have non-significant additive effect on flux of clotrimazole. 
Response
According to polynomial Eq. 8, all given permeability enhancers i.e. coconut oil, pistachio oil and sodium lauryl sulphate alone has non-significant additive effects while coconut oil along with pistachio oil and sodium lauryl sulphate have non-significant decreasing effect on lag time of clotrimazole. 
As per polynomial Eq. 9 all three permeability enhancers coconut oil, pistachio oil and sodium lauryl sulphate alone has non-significant additive effects while coconut oil along with pistachio oil and sodium lauryl sulphate have non-significant decreasing effect on diffusion coefficient.
Response Y 4
Y 4 = 0.005 -0.004X 1 -0.0006X 2 -0.171X 3 -0.003X 1 X 2 + 0.0654X 1 X 3 + 0.123X 2 X 3 + 0.003X 1 2 -1.2 × 10 -5 X 2 2 + 1.775X 3 2 (10)
According to polynomial Eq. 10, coconut oil along with pistachio oil have non-significant decreasing effect on permeability coefficient while sodium lauryl sulphate along with coconut oil and pistachio oil have non-significant additive effect on permeability coefficient of clotrimazole.
Response Y 5
Y 5 = 0.005 -0.004X 1 -0.0006X 2 -0.171X 3 -0.003X 1 X 2+ 0.065X 1 X 3 + 0.123X 2 X 3 + 0.003 X 1 2 -1.2 × 10 -5 X 2 2 + 1.7751X 3
(11)
It is cleared form polynomial Eq. 11, that coconut oil along with pistachio oil have non-significant decreasing effect while sodium lauryl sulphate along with coconut oil and pistachio oil have non-significant additive effect on input rate of clotrimazole.
Quadratic model was best fit to all responses and the comparative values of regression coefficients are described in Table VII . 
DISCUSSION
The penetration enhancers are used to get improved permeation of active pharmaceutical ingredient across the skin. The enhancers have distinguishing function, which relies upon the nature of the drug, the vehicle used, the concentration of enhancers, and other factors (Aungst 1989) . Coconut and pistachio oil are natural permeability enhancers, which potentiate the permeation of the drug by producing alteration in the lipid layer of stratum corneum resulting in the improved Topical permeation of the drug (Hussain et al. 2012) . While sodium lauryl sulphate is an anionic surfactant which acts by perturbation of intercellular lipids and protein domain integrity (Velmurugan and Dodla 2013). Anionic surfactants interfere greatly with keratin as well as with lipid layer of stratum corneum changing the permeability of the skin. These agents are involved in the uncoiling and extension of the helical filaments of the stratum corneum lipids. These changes causes the expansion in the membrane leading to increased permeability (Pandey et al. 2014) , thus these agents were aimed to possibly enhance the permeation of clotrimazole. In this study, the impact of permeation enhancers i.e. the independent variables, was clearly understood by generation of three dimensional contour plots for the responses. These three dimensional graphs constituted the base of the model polynomial function which was further used to analyze and investigate the interactive impact of the three variables i.e. the three enhancers, which were coconut oil, pistachio oil, and SLS. The inferences so attained are discussed here, as indicated in Fig. 2 that the pistachio oil, coconut oil and SLS have considerable influence on the permeability of clotrimazole.
It can be deduced from the Figure 2 that with higher levels of pistachio oil and coconut oil and lower level of SLS, non-significant (P > 0.05) increase in flux was observed. It could be due to the fact that the coconut and pistachio oil, like other unsaturated fatty acids, increase the skin's permeation through disruption of the anatomical structure of the ordered lipids of the stratum corneum (Benson 2005) . These changes promote the fluidization of stratum corneum lipids simultaneously by lowering the lipid transition temperature (Ongpipattanakul et al. 1991) resulting in increase in flux. Similar results for the improved released profile of the drug by coconut oil have been reported earlier (Patel et al. 2014) .
With increase in SLS concentration with coconut and pistachio oil, significant (P < 0.05) increase in flux of clotrimazole was observed, because SLS causes swelling of the stratum corneum and produces the uncoiling and extension of α-keratin helices, which results in the opening up of protein-controlled polar pathways (Barry 1987) . Another mode of action of SLS for penetration enhancement of drug through skin is associated with the hydrophobic interaction of SLS with skin lipid chains leaving the end sulphate group exposed. This generation of extra sites in the stratum corneum leads to an increase in skin hydration (Rhein et al. 1986 ). Conclusively, the increased fluidization of stratum corneum by the unsaturated fatty acids present in coconut and pistachio oil produces aadditive effect on the permeability of skin in the presence of SLS, which is involved in the increased skin hydration as well as opening of protein controlled pathways. It alters the membrane permeability leading to significant increase in flux in aadditive manner. Similar results of increased permeability by SLS have already been documented (Jocelyne et al. 2000) . Figure 2 shows that with increase in concentration of SLS as compared to coconut oil and pistachio oil, there is significant (P < 0.05) decrease in t lag since coconut oil, pistachio oil, and SLS work simultaneously increasing flux and decreasing time taken by drug to be absorbed, as explained above. Moreover, there is non-significant (P > 0.05) decrease in t lag by increasing coconut or pistachio oil amount as compared to that of SLS.
Mathematical models (Equation 10) depict that increasing amount of SLS with coconut and pistachio oil show increased level of Kp. Permeability coefficient of the stratum corneum is directly related to the drug's partition coefficient (Roberts 1997) . The permeability enhancers causes the fluidization of stratum corneum and opens the protein dependent pathway leading to increase in the skin's permeability coefficient. It is reported that an increase in drug's partition coefficient is also accompanied with increase in Kp (Roberts 1997).
Moreover, contour plots for input rate shows increasing trend in input rate with increase in level of enhancers used. Equation 11 shows that a combination of pistachio and SLS and coconut and SLS results in the increased input rate. Due to fluidization of stratum corneum (Ongpipattanakul et al. 1991) and hydration in the skin by SLS, the permeability of the skin is increased, which cases increase in input rate of the drug (Rhein et al. 1986 ).
CONCLUSION
Topical clotrimazole gel formulations with increased penetration rate were aimed, formulated, and optimized by a three factor central composite design. Formulation F8 consisting of coconut oil (0.8 ml), pistachio oil (0.4) and SLS (0.04) came out to be the optimized formulation, since it exhibited maximum flux and a high degree of stability. It exhibited the largest zone of inhibition against the tested fungal strains. In conclusion, the present data and permeability studies confirm the feasibility of developing the clotrimazole gel with excellent Topical permeation properties.
